Open educational resources (OER) can be described in numerous ways (Creative Commons, 2012). In this visualization based context, however, OER can be defined as …teaching, learning and research resources that reside in the public domain or have been released under an intellectual property license that permits their free use or re-purposing by others. Open educational resources include full courses, course materials, modules, textbooks, streaming videos, tests, software, and any other tools, materials or techniques used to support access to knowledge. (Hewlett Foundation, 2007) This definition emphasizes some of the aspects highlighted in this article, namely that an OER approach has also been taken to capture and visualize OER materials. In addition reference is made to the forthcoming paper, "How Diagrams Aid Teaching and
Introduction
OER have become more widely available through a variety of digital platforms: dedicated repositories, referatories, and numerous, sometimes bespoke, search engines.
When seeking OER, however, it is quite noticeable that the presentation of much material is provided as written descriptions with few visual clues or signposts to aid navigation or indeed the discovery of relevant or appropriate resources. Nevertheless, many OER may include media rich assets, for example, video, flash animations that are not necessarily always immediately obvious to the end user. Indeed it could be argued that few of the largest or most popular OER repositories present their wares in any other way than as lists or indexes of stuff. There are many examples of this, for instance, the OpenCourseWare offered by MIT (MIT Open Courseware, n.d.) or indeed the OER listed at OpenLearn (The Open University, n.d.). One general exception to this rule, however, is the adoption of tag clouds by many repositories where the scale of the "words" indicates the popularity of the resource or OER topic and, as such, could be deemed to be offering visual clues to the attractiveness of those OER materials. A good example of this approach can be seen at the JISC Info Toolkit (n.d.).
This article sets out to examine how a variety of visualization mapping methods have been realized in a range of OER scenarios. It examines four specific issues: firstly considering how visualization mapping can be employed at a strategic macro level in terms of OER institutional planning; secondly outlining how visualization mapping can be employed at the meso level concentrating on the design and production of OER materials; thirdly, how visualization mapping can be used at the micro level as a navigating interface to OER assets; and, fourthly, how this can also enable learners and researchers to make sense of published OER materials.
Most examples are drawn from the OpenLearn OER project with some other illustrations, for context, from other OER projects. Whilst the premise of the article is to highlight the visualization mapping methods, a number of examples have been from materials repurposed using the Compendium knowledge mapping software.
Compendium is one of many such software packages that are freely available to enable the visualization of knowledge, information, or subjects of interest; it is available from the Compendium Web site for The Open University UK (n. Overall the MORIL project wanted to establish and provide a gateway to university education for a broader range of target groups, facilitate international learning
experiences, brand open and distance teaching universities, and gain enhanced experience with OER.
One part of the MORIL project thus set out to establish how EADTU members were currently using or considering developing and delivering OER in their institutions (Okada, Connolly, & Lane, 2010 In order to facilitate and capture the information gained from this process, a series of workshops was arranged. During each workshop, the technique of force field mapping (Lewin, 1951) was employed to help participants quantify and then visualize the driving and restricting factors that were encouraging as well as hindering such potential OER developments in the EADTU institutions. Workshop participants were divided into four groups and asked to create a force field diagram (see Figure 1 for an example of the template) to quantify these significant push/pull factors (driving/restraining). Each group had to negotiate the strength of the factors as well as appoint a scribe to draw the diagram. At the end of the workshop, the facilitator synthesized these collaboratively produced diagrams into one visualization "map". After the event the force field diagrams and synthesized visualization map were captured digitally and then re-presented using the knowledge mapping software Compendium. The resulting digital visualization maps were made available for further consultation via the OER study unit "EADTU Multilingual Open Resources for Independent Learning" located in the LabSpace area of OpenLearn (n.d.) . LabSpace is the dedicated Web site of the OpenLearn project that enables users to upload, remix, and repurpose OER materials. The MORIL maps were stored in LabSpace as it was accessible to all participants and it offered an excellent medium to disseminate the resulting maps. Three workshops were organized, in different locations, to achieve the MORIL project's macro aim of wanting to establish and provide a gateway to university education for a broader range of target groups, facilitate international learning experiences using OER, and so on. Each workshop, held in different countries, therefore, covered specific topics:
OER strategy implementation, Milton Keynes, UK;
OER strategy development, Leuven, Belgium;
OER capacity building resources, Paris, France.
As noted earlier the manual visualization mapping methods used for these workshops involved force field diagrams (see Figure 2 for an output example). These were created collaboratively for each group in the workshops, the premise being that all participants would understand the strategic theme of the OER-based event. As also noted earlier these force field diagrams were later digitized and re-presented using the Compendium mapping software (see example in Figure 3 ), which enabled further linkages and potential additional analysis of the contents to take place. The Meso Level: Visualization for the Design and Production of OER Charting the life story of an OER can be quite challenging as the end product may be varied both in its conceptual design as well as in the ensuing production processes that were required to deliver it. Visualization mapping techniques in this context can help with quantifying these processes by charting that journey OpenLearn OER are reproduced from original self study distance learning materials developed at the Open University and are drawn from a vast academic catalogue of resources. Samples of these "chunks" or "units" of these original course materials were offered to the OpenLearn project in a variety of formats: Both paper based and digital, they often comprised of text, images, audio, and video as well as separate book based readings or related journal papers. The majority of such materials, however, were self contained and generally comprised of learning outcomes, subject content, selfassessment, as well as related references and acknowledgements. They were produced, therefore, keeping to their original integrity.
Thus these units fitted what has previously been described as the integrity model of production (full details in Lane, 2008) . In brief the content required limited transformation from its original form to that of an appropriate OER delivery. By contrast, however, a number of non-standard (so-called "remix" or "remake" models) units of materials were also offered to the OpenLearn project. These varied in shape and size as well as format. They ranged from software-based solutions (e.g., computer
programs, java applets) through materials containing extensive video/DVD footage to collections of subject-based resources that had been presented previously via a CD or DVD platform . It is the latter potential OER materials that invited another application of visualization mapping techniques to be explored and developed. The OpenLearn project established a relatively stable production process that centered on the creation of OER based on the integrity model (see Lane et al. 2009 for full detail) and summarized visually in Figure 4 that shows an overview of this integrity production process presented as a production flowchart. In brief the process followed a pattern whereby original course materials were offered to the OpenLearn project from faculties; they were assessed in pedagogical terms by academics, handed over to the media production team, and then "processed" to fit an existing XML template that allowed the subject content to be rendered into HTML pages that were then delivered as OER on the OpenLearn Web sites.
Initially this OpenLearn OER production process was captured in the form of a series of three Microsoft Visio flowcharts (see Figure 4 that illustrates this idea: Stage 1 only).
Each flowchart represented a significant stage of the production process:
1. sourcing and assessment, 2. production process, 3. publishing. (ultimately) presented as cohesive OER. This also included a thorough rights clearance process in addition to the implicit academic input and media production processes.
Technical issues were also considered and if materials did not "fit" the integrity model of production they were labelled as such and did not complete the integrity production process. Information about each stage of the production process and any significant notes relevant to the project, to groups of materials, or units were also recorded electronically in the Documentum eRoom -an electronic document storage database accessible to all members of the OpenLearn team. This facility produced an overview of the production process (presented as progress tracking, see Figure 5 ) as well as recording details related to the life story of individual units. The latter, however, was presented as a series of indexes or lists that proved to be difficult to interpret for the uninitiated. The development of the OpenLearn Production flowchart took such processes into consideration, alongside information gained from colleagues, and represented them in a diagrammatic form that was simpler to understand (see Figure 4 by way of contrast to Figure 5 ). be seen in Figure 6 . In essence the Compendium software offered hyperlinking between different elements within dynamic linking of a complex set of processes and also a home grown demonstration of how visualization mapping techniques can be applied to OER developments. Compendium uses a series of basic icons that can be employed to represent a variety of meanings or interpretations. In Figure 6 , for example, the "Question mark" icon is used to represent a request or dialogue whereas the "Handshaking" icon is used to represent an agreement or understanding stage of the process. This "Light bulb" icon indicates a decision or choice of route and the final icon, with three dots joined together, indicates that a sub-map or set of processes is available. It is interesting at this point to contrast the OpenLearn flowchart (see Figure 5 ) and the OpenLearn production process map (see Figure 6 ) with similar visualization approaches 
Micro Level: Visualization as a Navigating Interface to OER Assets
The third example of how visualizing mapping methods can be applied to OER is a description of using the maps as navigating interfaces to groups of OER assets. In this scenario the illustrations used will be based on two OpenLearn OER study units which, as previously mentioned, formed a small percentage of the materials offered to
OpenLearn that did not fit into the "typical" integrity model category described above.
These non-integrity Open University materials took many other forms but essentially were labeled supplementary materials (an OU term that describes extra materials that add value to a course but are not necessarily integrated directly into it). Some examples of potential OER sources would be materials such as CDs and DVDs, software, and
applets.
An illustration of the first non-integrity or unconventional OER type materials is a CD Essentially visualization mapping techniques offered an excellent method in this case study to act as a navigation interface for what was a complex collection of underlying assets. It also emerged that Compendium offered a more dynamic environment for representing these types of resources. Additional linkages, for example, were made using the hyperlink facilities offered in Compendium. It should, however, be noted that the audio and video contents of the original EPoCH CD were not captured in the new Compendium maps (it was technically possible but financially not feasible because of copyright issues). It can be noted, however, that the challenge of copyright was resolved in the subsequent (second) case study, that focused on Project Management, described later in this section.
A number of factors influenced how the EPoCH assets could be presented as a navigable OER map. This was primarily because it contained content that was akin to an encyclopedia or a family tree (of psychology/psychologists), easily accessible in its original format (images, word files were available), and fully referenced and acknowledged (a comprehensive permissions list existed).
Conversely the EPoCH CD resource was not accompanied by any specific learning materials, that is, a guided pathway of learning through the resource. Whilst this was not a barrier to its use as an OER map it was recognized that such a resource would be enhanced by the addition of some structured learning materials particularly for those unfamiliar with the subject content and/or the use of (Compendium) knowledge maps. The Project Management OER, which was reconstructed using Compendium (see Figure   12 for an illustration of the "front page"), comprises a set of maps that present an The development of this bespoke set of visual icons proved to be an invaluable resource as subsequently they were available for reuse elsewhere, invoking the Creative
Commons license, such as in further OpenLearn OER projects and in other OU based research projects, for example, the EU funded ICOPER (2012) and OpenScout (2012) projects. Indeed the same can be said for the templates developed for both the EPoCH and Project Management maps also -they lent themselves to repurposing too. In this respect some of the mapping and navigation ideas were also reused in an associated
OpenLearn OER unit "Welsh History and its Sources" (See Figure 15 for an illustration of this resource and for access to it, see Welsh History Timeline, n.d.)
The premise of the associated Welsh history timeline was to visualize and map a series 
Visualization to Enable Learners and Researchers to Make Sense of OER
A further set of visualization mapping approaches had been explored within the OpenLearn team's research report about the project (see McAndrew et al., 2009) . These ranged from the use of tools for mapping and talking about research to using the Compendium knowledge mapping software to understand learner narratives.
Underpinning this idea was the ability to make sense of such tools in terms of using them to apply/react to action research and activity theory. In the context of the theme of this article, however, one can also see that this work was an application of visual mapping that enhanced these research efforts in terms of offering not only a different The knowledge mapping software was also used to understand learner narratives, and, as such, is much clearer to describe. The underlying principle, in this case, being that "mapping allows the user to present in a way that combines text and graphics in a visual dynamic" as well as having the ability to "represent various structures, concepts and their relationships". The researchers go on to argue that the software offered affordances related to editing and molding, thus enabling the multidimensionality, nesting, and layering of information related to OpenLearn as well as offering the possibility of further dynamic links to other interconnected and relevant resources.
Accessibility and Interoperability Issues Arising from these Approaches
The final aspect to consider is the disadvantages related to such visualization methods, especially those that pertain to accessibility and interoperability as these are important issues that may arise from such approaches. Looking firstly at the OpenLearn based visualizations (e.g., MORIL, EPoCH, Project Management, etc.) it was recognized that Compendium is not fully accessible to screen reading software. An Open University's accessibility colleague when examining the EPoCH resource raised this issue. Whilst every effort was made to "label" all icons and linkages it became apparent when the resulting Compendium maps were shared with a wider audience that visually impaired users who needed to employ screen reading software would still have some difficulty in understanding the contents despite best efforts to enhance them with alternative text.
Once again there was not research analyzed work carried out in this respect; rather, a pragmatic approach was taken to try and rectify the identified issues. This took the form of a series of conversations that took place during the re-purposing of the original EPoCH materials into its OER map instantiation. The accessibility colleague offered a number of potential options or avenues to pursue that would enhance the userfriendliness of the resulting Compendium maps and these were followed where possible.
A second, different issue arose when attempts were made to share the Compendium generated maps. It became apparent that there were a number of interoperability issues that also needed to be considered. For example the resulting Compendium maps were created as a downloadable zip file containing a series of linked HTML files. These, it appeared, needed to be imported in a particular order when being shared or installed elsewhere in order that their inherent dynamic links be preserved. In other words a level Accessibility and interoperability were not initially fundamental aspects of any of the described Compendium OER based maps' development but emerged as issues that needed to be considered towards the end of each of the respective projects. In the context of this article only brief details are described here as they appear to influence the openness of the subsequent visualization mapping approaches. This relates directly to the use of screen reader software required by those with visual impairments. It appears that many screen reader software packages are designed to cope with predominantly text-based presentations but likewise appear to be less equipped to do so when working with non-text based materials such as visualizations in the form of map-based illustrations.
Conclusion
This article has attempted to describe the role of visualization mapping approaches in the context of OER developments. The implementation methods were portrayed at a number of different stages, namely, at the macro level, and thus in relation to OER planning and strategy; at the meso level, relating to the design of potential OER study units; and at the micro level, involving the development and display of OER materials for learners and/or educators. In addition some consideration was also given to how such visualization mapping approaches can enable individual learners or educators to navigate through potentially complex collections of often media rich assets and then make sense of the OER published constituents.
It appears that most OER materials tend to be digital in form and often involve the use of multiple media in one form or another. When this is coupled with the increasing availability of mark-up languages and improved access to the Internet, it means that visualization mapping approaches can often be useful to improve OER in many ways. In this respect visualization mapping approaches can enhance the development of, access to, and the navigation of as well as discovery of those OER materials. The majority of OER materials remain heavily text based such that improving the user-friendliness of their content by applying visualization mapping methods can often enhance access to them.
With this in mind one can reflect upon the fact that, in general terms, both teaching and learning are fundamentally about the sensemaking of new information as well as gaining additional subject knowledge. OER can offer access to a wide variety of often- original method but applied in a way that enables learners and educators to make sense of potentially complex groups of assets and concepts representing information and subjects new to them.
